Enhancing non-classicality in mechanical systems 
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We study the effects of post- selection measurements on both the non-classicality of the state of a mechanical 
oscillator and the entanglement between two mechanical systems that are part of a distributed optomechanical 
network. We address the cases of both Gaussian and non-Gaussian measurements, identifying in what cases 
simple photon-counting and Geiger-like measurements are effective in distilling a strongly non-classical me- 
chanical state and enhancing the purely mechanical entanglement between two elements of the network. 



Optomechanics is at the heart of an intense research ac- 
tivity aiming to demonstrate quantum control at large scales 
and under unfavorable working conditions (T|. The possi- 
bility to exploit massive mechanical systems for the prepa- 
ration of quantum states and the achievement of non-classical 
features has inspired a considerable amount of research, in- 
cluding schemes for the generation of fully mechanical en- 
tangled states |3 and quantum correlations in hybrid 
systems involving light, mechanical and collective atomic 
modes [4]. The flexibility and high potential for hybridization 
of such systems could be key elements in the design of a new 
paradigm for devices that are able to perform long-distance 
quantum communication and networking EJO. Indeed, the 
design of a quantum network consisting of remote optome- 
chanical systems connected by optical fields is not only fore- 
seeable but also the subject of ongoing theoretical investiga- 
tions \f3\UM- 

The realization of such a vision requires effective strategies 
for the induction of non-classical features at both the single- 
and multi-mode mechanical level. That is, we devise tech- 
niques for getting non-classicality in single-mode mechanical 
states (for quantum state engineering, for instance) and dis- 
tribute quantum correlations among remote sites of a network. 
Both these goals have recently received attention l3l [T0lfT2lL 
where Huang and Agarwal fTTlL for instance, have shown that 
by injecting an optomechanical cavity with squeezed light, 
a squeezed state of the mechanical mode can be obtained. 
Other approaches, based on more sophisticated optomechan- 
ical Hamiltonians, have shown the possibility of squeezing a 
mechanical oscillator and enhancing optomechanical entan- 
glement through time-modulation fT3l . while intrinsic non- 
linear mechanisms hav been used in Ref. fTH to generate 
phononic Fock states. 

In this paper, we take a complementary approach and show 
that, by incorporating the non-linear effects induced by mea- 
surement post-selection into the design of an optomechanical 
network, one can benefit in two ways. First, there would be 
no need for the use of non-classical states of light to induce 
strongly non-classical states of a mechanical mode. Second, 
purely mechanical entanglement can be generated, well above 
the performances of early suggestions in this respect [ 3 ], and 
robustly with respect to the effects of the surrounding environ- 
ment or unfavorable working points. We determine the type 
of measurements needed to achieve such tasks, compare rel- 
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FIG 1 : Sketch of the proposed experimental setup. A horizontally 
polarized pump field at frequency co p drives a cavity with a vibrating 
end mirror of mass m and mechanical frequency oj m . The field leak- 
ing out of the cavity enters a measurement stage. The optical rout- 
ing occurs via a double-passage through a quarter wave plate (QWP) 
that changes the polarization of the beam to vertical and a polarizing 
beam splitter (PBS) that transmits (reflects) horizontally (vertically) 
polarized light. As the optical signal enters the measurement stage, a 
shutter is electronically activated to block the pump field. 



ative performances and investigate their resilience to noise. 
Our study constitutes a step forward in the design of experi- 
mentally implementable schemes for the achievement of non- 
classicality in a quantum network of genuinely mesoscopic 
quantum nodes. 

The paper is organized as follows: In Sec. [I] we introduce 
our model and provide an intuitive picture for the achieve- 
ment of non-classicality in the state of an optically driven me- 
chanical mode. In Sec. [n] we present our results for the ex- 
perimentally realistic case of a strongly pumped open-cavity 
system, showing that mechanical-mode states with negative 
associated Wigner function can be obtained by simple post- 



selection strategies. Sec. [Ill] is devoted to the extension of 
our approach to a two-cavity system that embodies the small- 
est cell of an optomechanical quantum network. Finally, in 



Sec. IV we present our conclusions. 



I. THE MODEL AND A SIMPLIFIED PICTURE 

We start analyzing the system composed of a single op- 
tomechanical device with the objective of identifying condi- 
tional strategies for the achievement of non-classical mechan- 
ical states. In order to gather an intuition of the mechanism 
that will be exploited, we resort to a much simplified descrip- 
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tion of the dynamics of both optical and mechanical subsys- 
tem where all sources of damping and dephasing are neglected 
as in the case of strong single-photon radiation-pressure cou- 
pling, as considered recently in a series of exploratory theo- 
retical works [T7J [HI. In such a unitary picture, assuming 
resonant light-cavity coupling, the evolution of the system in 
the laboratory frame is governed by the model 



H u = fico c h + %co m Pb - fixhq, 



(1) 



where co c (co m ) is the cavity (mechanical) frequency, x ~ 
Xo ^~fr/(2mco m ) is the optomechanical coupling rate, where 
Xo = oj c /L (L is the length of the cavity and m the effective 
mass of the mechanical oscillator), q = (b + b^)/ V2 is the me- 
chanical mode position-like quadrature operator, h = a* a is 
the cavity photon-number operator, while a (a^) and b (P) are 
the optical and mechanical annihilation (creation) operators. 
The pump term has been dropped by assuming the cavity field 
as prepared in a desired state. Mancini et al. lfT9l and Bose et 
al. E01 solved the dynamics induced by Eq. ([I]) fully, provid- 
ing the form of the time propagator 
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which has later been reprised to show that, as long as such 
a unitary picture is considered, optomechanical entanglement 
exists at any finite temperature of the mechanical system ETTl . 
Here we assume that the cavity field is prepared in a co- 
herent state I or) and is interacting with a mechanical sys- 
tem that is at thermal equilibrium (at temperature T) with 
its own phononic environment. We thus describe the state of 
the mechanical system as p m = J d 2 /3P t h(J3,n) \fi) m (J3\, where 

P t h(J3,n) = ±e n is the Gaussian P function of a thermal 
state with an average number of thermal excitations n E2l . 
We now use this simplified picture to get an intuition of the 
mechanism behind the achievement of non-classicality in the 
state of the mechanical system upon projections performed on 
the optical mode. Such intuition will then be compared to the 
situation encountered currently in the laboratory, where the 
linearized picture described before is very appropriate. 

The state of the mechanical system, after the application 
of the conditional protocol described before and illustrated in 
Fig.[T] reads 



P'mit) : 



Tr c [n c p cm (Q] 
Tr[ft cPcm (0] 



(3) 



with f[ c the projector, defined in the Hilbert space of the cavity 
field, that describes the outcome of the measurements on the 
optical subsystem and p cm (0 = "Uifyipm <g> |a) c (a|)'l/" 1 (0 the 
evolved state of the optomechanical system. Following EOl 
and taking a e R for simplicity, 



m) \a,/3) cm = e~ a2/2 V —<M> \n) c 
^0 Vft! 



(4) 



where we have introduced the phase factor (p n (t) = ^rn 2 [aj m t- 
sin(aj m t)] and the coherent states of the mechanical mode 




FIG. 2: (a) Wigner function of the mechanical system upon condi- 
tional homodyne measurement on the optical mode. We have taken 
n = Q, x = <^m, w = 1 and t = 7i/a) m , postselecting the measure- 
ment outcome x = 0. (b) Same as in panel (a) but for a heterodyne 
measurement on the optical field, postselecting the outcome <r = 1. 



\<f>n(t)) m = \Pe~ i0Jmt + X n(l - e- ia)mt )/a) m ) m . As discussed in 
Ref. EUlL here photon-counting is ineffective for creating non- 
classical mechanical states, as it will give us only an incoher- 
ent superposition of Gaussian states of the mechanical system. 
On the other hand, both homodyne and heterodyne measure- 
ments turn out to be quite effective. The first (second) mea- 
surement is formally equivalent to projections onto quadrature 
eigenstates (coherent states) of the optical mode E2l . so that 
fjkom = \ x (6)) c (x(6)\ (U h c et = \cr) c (cr\), with \x(0)) c the eigen- 
state of the arbitrary quadrature operator (e~ l0 a + e l6 a^)/ V2 
(\cr) c a coherent state). In the following we concentrate on the 
case of 6 = 0, i.e. projections onto the in-phase quadratures 
eigenstates, when dealing with homodyne measurements. 

In Fig. [2] we show the Wigner function W m (S) as a function 
of the values taken by the phase-space variable 6 = 6 r + 16 i 
of the state of the mechanical mode for both homodyne and 
heterodyne measurements performed on the field, showing the 
effectiveness of the measurement postselection process for the 
purposes of inducing non-classicality in the state of the me- 
chanical mode. In what follows, we adopt the negativity of 
the Wigner function as the indicator of the non-classicality of 
the mirror [ 23, 24 ]. This is defined as 



if 
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where O is the region of the negative Wigner distribution in 
phase space. At proper values of the parameters in Eq. ([T]), the 
Wigner function takes significantly negative values, therefore 
unambiguously proving the non-classical nature of the corre- 
sponding state, regardless of the measurement performed over 
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FIG. 3: (a) Wigner function of the mechanical system upon condi- 
tional homodyne measurement on the optical mode. We have taken 
n = 0.5, x - a - 1 and t = 7r/a) m , postselecting the measure- 
ment outcome x = 0. (b) Same as in panel (a) but for a heterodyne 
measurement on the optical field, postselecting the outcome cr = 1. 
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the optical subsystem (i.e. both for homodyne and hetero- 
dyne measurements). In the case of homodyning, the Wigner 
function of the mechanical mode resembles that of an unbal- 
anced multi-component Schrodinger cat state. The negativity, 
though, appears to be quite fragile with respect to the thermal 
character of the initial mechanical state. A small increase of 
the initial mechanical mean excitation number from n = to 
n = 0.5 shrinks the negative peak shown in the homodyne 
case by almost two orders of magnitude and by a factor of 5 
in the case of heterodyne measurements, which appear to pro- 
vide results that are more robust to temperature (cf. Fig. [3]). 
At n = 2 already, no negativity can be detected, even at the 
expenses of a larger optomechanical coupling rate, regardless 
of the measurement scheme considered. 



II. INDUCING MECHANICAL NON-CLASSICALITY 

We now show that, by strongly pumping the cavity and 
modifying the post-processing step, robust mechanical non- 
classicality can be achieved, robustly with respect to environ- 
mental effects causing photon losses and phononic dephasing. 

In order to do this, we abandon the unitary picture adopted 
above and resort to the full open-system dynamics of the de- 
vice. In particular, we have to incorporate the effects of a 
driving field pumping the resonator, losses from a leaky cav- 
ity with only a finite quality factor, and decoherence affecting 
the mechanical mode (at thermal equilibrium). In a rotating 
frame at the frequency ojl of the pump field, the Hamiltonian 
model in Eq. ([I]) is changed into 



with SO - (Sq, Sp, Sx, Sy) T and 



H = fiAh - fixhq + co m (p 2 + cf) + itu:{c { - c), 



(6) 



where p is the dimensionless momentum-like quadrature op- 
erator of the mechanical mode, c (c 1 ") is the annihilation 
(creation) operator of the cavity field (whose energy decay 
rate is a:), A = qj c - ojl is the pump-cavity detuning, and 
s = ^2kP/Hoj l , with P the power of the pumping field. In 
the following, we will assume a strongly pumped cavity with a 
large number of intra-cavity photons. As it is standard in these 
conditions, one can approximate the elements of the vector 
of quadrature operators of the mechanical and optical mode 
6 = (q, p, x,y) T [with x = (c 1 " + c)/ V5, y = /(c + - c)/ V2] as 
Oi - (Oi)+60i, where (O z > is the mean value of each operator 
and 60 i the corresponding fluctuation (25H26). Correspond- 
ingly, the interaction Hamiltonian betwen mechanical mode 
and cavity field takes a linear form that strongly simplifies 
the analytic approach to the problem. Finally, the substrate 
onto which the mechanical system is fabricated induces deco- 
herence due to a background of phononic modes at non-zero 
temperature. In turn, these give rise to mechanical Brownian 
motion. The resulting dynamics of the quantum fluctuation 
operators is described by the set of Langevin equations 
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In Eq. ^ we have introduced the mean value of the cavity- 
field amplitude (c) = c s = s/(K+iA), the steady-state displace- 
ment of the mechanical mode (q) = q s = Hxo\c s \ 2 /mco^, and 
the effective cavity-pump detuning A = oj c - oj l -Xotfs- The 
last term in Eq. ([7]) is the vector of zero-mean input noise N = 
(0, |/ ^Hmco m , ^2~KdXi n , ^hcSyinf , where | is the Langevin 
force operator accounting for the Brownian motion affecting 
the mechanical mode. For large mechanical quality factors, 
the dimensionless operator g = f / ^fimco m is auto-correlated 
as (i(tX(t'))=^- f oje-^-^ll + coth(^)]da, with k B the 
Boltzmann constant, T the temperature of the phononic envi- 
ronment, and y m the damping rate of the mechanical oscillator. 
Finally, 8x in = {6c] n + Sc in )/ V2, 8y in = i(8c] n - Sc in )/ V2 are 
the quadratures of the input noise to the cavity. 

The dynamics of the elements of SO can be solved in 
the frequency domain by taking the Fourier transform of the 
Langevin equations ([7]). The corresponding expressions, how- 
ever, are too lengthy to be reported here. Any correlation func- 
tion of pairs of fluctuation operators is then obtained as 
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with V jk (a),Q) = ({vj(a)),v k (Q)})/2 (j,£=l,..,4) the 
frequency-domain correlation function between elements j 
and k of v = (6q, dp, Sx, Sy). The matrix \(t) with elements 
defined as in Eq. ^ embodies the time-dependent covariance 
matrix (CM) of the optomechanical system. The linearity of 
the model treated here guarantees that the dynamical map at 
hand preserves the Gaussian nature of any input state. 

In order to account for the possibility of feeding the cav- 
ity with a non-classical state of light (besides the strong 
pump that is needed to drive the mechanical mode and per- 
form the linearization), in what follows we consider the gen- 
eral case of input noise characterized by the correlation vec- 
tor C = {{6c] n 6c in \{6c in 6c] n ),{6^^ = 
(N,N+1, e ~ ia)m(t+f) M, e ia)m(t+f) M*)5(t - f). Taking N = sinh 2 r 
and M = sinh r cosh re l<f> , we describe the case of an in- 
put squeezed vacuum state, a case that is general and inter- 
esting enough for our goals to embody a useful benchmark. 
Using the approach sketched above, the CM of the system 
can be fully determined and, using this tool, one can cal- 
culate explicitly the characteristic function of the system as 
X(a,/3)=exp[-0 T Y(t)0]. In turn this gives us access to the 
density matrix of the optomechanical device as l27l 



& 2 p X {a,p)D m {-a)D c {-p\ 



(10) 



of mode 



d t 80=KSO + N 



(7) 



where Dj(p) is the Weyl operator (amplitude p e 
j = m,c E3. 

Armed with these tools, we are now in a position to put in 
place our conditional-measurement strategy. In order to do so, 
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FIG. 4: (Color online) (a) N<w against the squeezing parameter r of the external pump (0 = 0). We show the results associated with the 
performance of Geiger-like measurements on optical field with T = 0.1 mK, L = 0.0122 m, A = co m . (b) Same as in panel (a) but shown 
against A for T = 0.1 mK, L = 0.0125 m, r = 0. (c) N<w against Xo (tuned by changing the cavity length), T = 0.1 mK, r = 0, A = oj m . We 
show the results corresponding to Geiger-like detection (dashed line) and photon-counting [for n-\ (dot-dashed line) and n=2 (solid line)]. 
Other parameters are values taken from the experiment (29), where a slightly lower input power was used: a> m /27T = 947 KHz, m = 145 ng, 
and y m j2n - 140 Hz and cavity field with wavelength 1064 nm, and decay rate k/2tt = 215 KHz and pumped by a laser field of 20 mW power. 



we rewrite the 4x4 CM of the system \(t) in the block-matrix 
form 



m c 

c T f 



(11) 



where m, f are 2 x 2 matrices accounting for the mirror and 
cavity-field, respectively, while c consists of the mirror-cavity 
correlations. The conditional mechanical state after a pro- 
jective measurement over a pure Gaussian state of the field 
having CM d gives rise to the "updated" mechanical-mode 
CM EH 



m' = m-c(f + d) _1 c r , 



(12) 



independently of the measurement outcome. Homodyning 
is formally equivalent to projections on infinitely squeezed 
states, in which case 



m = m - c(7if7i) mp c T 



(13) 



with n - diag[l,0] and the subscript mp standing for the 
Moore-Penrose pseudo-inverse |28|. Heterodyne measure- 
ments, on the other hand, correspond to projections onto co- 
herent states, such that d = diag[l, 1]. Finally, we include 
non-Gaussian measurements in our toolbox by considering 
photon-counting and avalanche photon-detectors that cannot 
resolve individual photons (referred to as Geiger-like detec- 
tion in what follows) of the field mode. These give rise to 
the following conditional density matrices for the mechanical 
system 



Tr c [\n) c (n\p Cl 



Pi = Tr c 



^|n) c (n|p c , 



(14) 



where \n) c is an ^-photon Fock state of the cavity mode. 

Owing to the Gaussian-preserving nature of the linearized 
optomechanical interaction, any conditional process based on 
Gaussian measurements will not generate any negativity in 
the Wigner function of the mechanical mode. This contrasts 
explicitly the results achieved in the fully non-linear picture. 



Differently, both the photon-counting and the Geiger-like de- 
tection of the optical field induce strongly non-classical me- 
chanical states having negative Wigner functions. In Fig. [4] 
we plot the negative volume N<w of the Wigner function of 
the mechanical mode against some of the most relevant pa- 
rameters of the model for a Geiger-like detection process, 
showing that non-classicality, robust against the effects of the 
environment affecting the optomechanical device, can indeed 
be induced. Quite noticeably, non-classicality at the input of 
the system (as embodied by a squeezed pumping field) is not 
a pre-requisite for the success of the process: even classical 
pumping will be sufficient to achieve a negative Wigner func- 
tion. It is worth stressing that the negativity of the Wigner 
function should be taken, in general, as a sort of witness for 
non-classicality. However, note that non-classical states (such 
as multi-mode squeezed states) may well exhibit non-negative 
Wigner functions. 

The non-classical features of the mechanical state are ro- 
bust against both an increase in the operating temperature and 
the mechanical damping rate. As shown in Fig.[5j the Wigner 
function of the mechanical mode maintains its negative dis- 
tribution as the temperature or damping rate increases by two 
orders of magnitude. However, it is very sensitive to the me- 
chanical effective mass and a slight increase will completely 
suppress the negativity. Moreover, at least for projections onto 
low-excitation Fock states, the photon-counting strategy offers 
quantitative advantages over the Geiger-like one: for the same 
values of the optomechanical coupling rate^o, N<w associated 
with photon-counting is larger than the values achieved by us- 
ing a Geiger-like detector, suggesting that the efficiency of the 
photon-counting-based mechanism is non-mono tonic with n. 



III. ENHANCING MECHANICAL ENTANGLEMENT 

We now extend the above considerations to demonstrate 
that all-optical post- selection can help in setting sizable all- 
mechanical entanglement. 

The model we consider has been used in Refs. l3lfT0l. A 
sketch is illustrated in Fig. [6j showing that it consists of two 
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FIG. 5: (Color online) Wigner functions of the mechanical mode, (a) Same conditions as in Fig. |4](c), but we only take L=0.0122 m (i.e. 
Xo = 1.451 x 10 17 Hz/m) with photon-counting {n-\) on the field, (b) Same as in panel (a) with a temperature of T = 0.01 K. (c) Same as in 
panel (a) but with the mechanical damping rate increased to y m /2jT = 14 KHz. 



independent and noninteracting optomechanical devices, fully 
analogous to the one addressed in the previous Section. The 
total Hamiltonians of the optomechanical devices, in a frame 
rotating at the frequency of the lasers, thus reads 

H = Yj nA fii ~ fyCiWi + ^m(Pl + + in£ i(c] ~ cd (15) 

f=l,2 

where we have used a notation fully in line with the one in- 
troduced in the previous Section. The main difference with 
respect to the situation considered previously in this paper is 
that we now take the two cavities as pumped by light pre- 
pared in a pure Gaussian non-classically correlated state. As 
any pure entangled Gaussian state is locally equivalent to a 
two-mode squeezed vacuum state, we take input modes of fre- 
quency cj s = ojl + oj m (for simplicity, we assume equal me- 
chanical frequencies \ ) and input-noise correlations 
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FIG. 6: Proposed configuration for the enhancement of purely me- 
chanical entanglement through optical measurements. A quantum 
correlated state of two optical modes (generated by superimposing 
a single-mode squeezed state to a vacuum-state mode at a 50 : 50 
beam splitter) drives two remote optomechanical cavities, which are 
also pumped by two strong classical fields (not shown). The field 
leaking from the resonators is routed to two detection stages where 
either homodyne or heterodyne measurements are performed. Ultra- 
fast electronics activates a shutter only when a measurement signal 
from both the detection stages is acquired (as shown by the logical 
OR gate). 



of the form 

Cj = ((Sc n Sc j ), (Sc j 6c n ), (Sc j del), (Sc n Sc kt )) 

J VN in in n N in in" x in in" ^ in in 1 ' (\fs\ 

= R(t,t')6(t-t') 0*^=1,2) 

with R(t, t')=(Z, Z+l, e~^ t+f) W, e i0J ^ t+f) W*) and Z = sinh 2 r 
and W = sinh r cosh r. The Gaussian assumption is not limit- 
ing, as this class of states are those that are routinely produced 
in quantum optics laboratories and two-mode squeezing is a 
natural way to prepare entangled field modes. Equivalently, 
as illustrated in Fig. [6] a single-mode squeezed vacuum field 
can be superimposed to vacuum on a 50 : 50 beam splitter 
to generate a state locally equivalent to two-mode squeezed 
vacuum. 

The approach used in Sec. |n]is now adapted to the case of 
the double optomechanical setting in Fig. [6] where the light 
modes that have interacted with the mechanical systems en- 
ter a double-detection stage. In Ref. |3], it has been shown 
that entanglement between the mechanical modes can only 
be achieved by means of local optomechanical interactions 
and thanks to the pre-available all-optical quantum correla- 
tions. In that scheme, light is simply discarded after its in- 
teraction with the mechanical modes (labelled 1 and 2). Our 
task here is to demonstrate that a significant improvement is 
possible by complementing the scheme with a double optical 
post-selection scheme, similarly to what has been illustrated 
in Sec.[nl 

For the Gaussian-measurement scenario, we introduce the 
8x8 CM 

where M, F and C are 4 x 4 block matrices accounting for 
the two-mirror, two-field and mirror-field properties, respec- 
tively. The entanglement shared by mechanical modes 1 and 
2 is quantified using logarithmic negativity, which is defined 
as Xyv = max[0, -ln2v_], where v_ = mineig|/Q2^l is the 
minimum symplectic eigenvalue of the matrix ct=P\\20'mP\\2 
associated with the partially transposed state of the mechan- 
ical system (here P\\2 = diag(l, 1, 1, -1), cr M is the CM of 
mechanical modes, either with or without post-selection, and 
Q2 = ®j = iio~ y with cr y the v-Pauli matrix). We are now in a po- 
sition to assess the non-classical correlations set between the 
two mechanical modes and how post-selection affects them. 

We perform both homodyne and heterodyne measure- 
ments as, differently from the case of single-mode non- 
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(a) (b) 




r 



FIG. 7: (Color online) (a) Mechanical entanglement £ N against the 
squeezing parameter r of an input two-mode squeezed vacuum. We 
have used identical mechanical systems with a> m /27T = 947 KHz, 
mi 2 = 145 ng, and y)£ '/In = 140 Hz and cavities with lengths L^ 2 = 
25 mm, wavelength 1064 nm, and decay rates Ki^/2n = 215 KHz and 
pumped by laser fields of 20 mW power |29|. Curves from bottom 
to top: no detection; double- side heterodyne; single- side homodyne; 
single- side heterodyne; double- side homodyne detection. All curves 
are plotted for Ai j2 = o) m . (b) Same as in panel (a) but for temperature 
ri, 2 =0.018K. 

classicality, the non-Gaussian measurements embodied by 
photon-counting and/or Geiger-like detections do not result in 
any advantage with respect to the no-measurement approach. 
The results for Gaussian measurements are presented in Fig. [7] 
and include both double- and single-sided measurements (i.e. 
the cases where both the optical fields or a single one are de- 
tected, the latter case being independent of which mode is as- 
sessed). Without loss of generality, we have taken identical 
optomechanical systems. As is shown, homodyne detections 
indeed improve the mechanical entanglement, and detection 
on both cavities is superior to the measurement performed on 
a single one. Up to about 50% entanglement is enhanced by 
homodyne detections and similar results are achieved by het- 
erodyning, although a neat hierarchy between the two mea- 
surement strategies cannot be established. Indeed, while het- 
erodyne detections enhance considerably the established me- 
chanical entanglement, along the way of homodyning, the 



double- sided heterodyning appears to be inferior to the single- 
sided one, in contrast with the homodyne strategy. Further ex- 
ploration of such results are currently under investigation l33l . 



IV. CONCLUSIONS 

We have assessed the effects of post- selection on the 
achievement of non-classicality on a quantum mechanical 
mode that is driven optically by the field of an optomechanical 
cavity. We have demonstrated the ability of Gaussian and non- 
Gaussian measurements to generate mechanical states that ex- 
hibit explicitly negative Wigner functions whose non-classical 
features survive the effects of unfavorable working conditions. 
This approach has then been extended to the establishment 
of fully mechanical entanglement in a double optomechani- 
cal setting driven by entangled light fields. We showed that 
experimentally easily accessible Gaussian measurements (ho- 
modyning and heterodyning) are indeed able to boost the effi- 
ciency of such an entanglement distribution process (3][T0]] up 
to the achievement of larger entanglement values for a wider 
range of working conditions. This study contributes to the on- 
going attempts to establish optomechanical analogues of cur- 
rent atom- light interfaces for quantum memories and network- 
ing. 
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